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Background and Objective
Factors that control pancreatic regenerating (reg I) gene expression are unknown, but it is
believed that its expression may correspond with cellular differentiation. The authors
recently demonstrated that reg I is expressed in AR42J, a rat acinar cell line whose state of
differentiation can be modulated by dexamethasone. They used this line to study reg I
expression during cellular proliferation and differentiation.

Methods
After treatment of cells with 10 nmol/L dexamethasone, proliferation was assayed by
thymidine incorporation; differentiation by expression of elastase mRNA. Reg I mRNA
levels were measured using a rat reg I cDNA probe, and reg I protein levels assayed by
enzyme-linked immunosorbent assay of cellular lysates with a polyclonal antibody. The
effect of gastrin, cholecystokinin and glucagon on reg I expression was also studied.

Results
When compared with controls, treatment with dexamethasone caused thymidine
incorporation to decrease and elastase mRNA levels to increase. Reg I mRNA decreased
from controls of 100 + 16% to 40 + 18% (p < 0.05), and reg I protein levels decreased
as well. Gastrointestinal hormones had no significant effect on either elastase or reg I gene
expression.

Conclusions
Expression of reg I inversely correlates with the level of cellular differentiation, can be
modulated via the glucocorticoid receptor, and is a potential marker of gastrointestinal
epithelial differentiation. Despite its presence within a pancreatic acinar cell line, reg I gene
expression is not modulated by gastrointestinal hormones.
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The pancreatic regenerating (reg 1) gene and its protein
product are expressed within the exocrine cells of the pan-
creas."2 Reg I is part of a family of at least three proteins
described in human, rat and mouse, that bear sequence homol-
ogy to calcium-dependent lectins.2 Whereas the mRNA se-
quence of reg I was originally described by Terazano et al.,'
its amino acid sequence is identical to pancreatic stone protein
and pancreatic thread protein. The sequence of reg III is
identical with pancreatitis associated protein, and is approxi-
mately 60% homologous to reg I. To date, the reg II homo-
logue has only been described in the mouse.2
Reg I mRNA is overexpressed within pancreatic cells

following pancreatitis or resection, and its protein product
is believed involved in the regeneration of islets from
ductular precursor cells.1 2 Factors that control production
of this acinar cell product are, to date, unknown. Because
it is found in regenerating pancreatic tissue, Rouquier et
al.3 proposed that rat reg I is expressed within pancreatic
cells during the dedifferentiated state. Watanabe et al.4
discovered ectopically expressed reg I mRNA in human
colon and rectal tumors, which further suggested that reg
I gene expression correlates with the state of cellular dif-
ferentiation.
We studied the levels of intracellular reg I mRNA and

protein during pancreatic acinar-cell differentiation. In a
previous study, we showed that the rat pancreatic acinar
cell line AR42J cells express reg I mRNA.5 Logsdon, et
al.6-5 have shown that treatment of these cells with 10
nmol/L dexamethasone for at least 18 hours causes them
to differentiate, as evidenced by a decrease in thymidine
incorporation and an increase in amylase expression.

In this study, we treated AR42J cells with dexametha-
sone to induce cellular differentiation, and then studied
cellular changes in reg I gene expression. Because AR42J
expresses receptors to gastrointestinal hormones, we also
studied the effect of gastrin, cholecystokinin and glucagon
on differentiation and reg I expression on these cells.

MATERIAL AND METHODS
Cell Culture
AR42J cells were purchased from American Type Cul-

ture Collection (Rockville, MD). Cells were cultured in
DMEM with 5% FCS, in triplicate for each experiment.

Presented in part at the Annual Meeting of the American Gastroentero-
logical Association, San Diego, CA, May 1995.

Supported by an American College of Surgeons Faculty Fellowship (Dr.
Zenilman), and Chesapeake Education and Research Trust (Drs.
Zenilman and Magnuson).

Address reprint requests to Michael E. Zenilman, M.D., Department of
Surgery, Albert Einstein College of Medicine, Montefiore Medical
Park, Suite 125, 1575 Blondell Avenue, Bronx, NY 10461.

Accepted for publication March 6, 1996.

Stock solutions of dexamethasone (Sigma, St. Louis MO)
were constructed by dissolving in 50% ethanol and diluted
at least 1000-fold for in vitro use. Controls were treated
with an identical carrier solution. To determine the best
inhibitory dose of dexamethasone, cells were initially cul-
tured in 1-, 10- and 100-nmol/L concentrations for 24
hours In other experiments, cells were incubated in 10
nmol/L of the gastrointestinal hormones gastrin, cholecys-
tokinin, or glucagon (Sigma, St. Louis, MO), in 1% bo-
vine serum albumin, for 24 hours prior to harvest. In
these experiments as well, controls were treated with an
identical carrier solution.

Thymidine Incorporation
In 1 cc media, 5 x 105 AR42J cells were plated in

24-well plates and treated as detailed previously. [3H]-
Thymidine incorporation was assayed by scintillation
after 24 hours incubation, as earlier described.5

RNA Analysis
Total RNA was isolated from 107 AR42J cells grown

in 75-mL flasks by the TRI-REAGENT technique (Mo-
lecular Research Corp., Cincinnati, OH)9; integrity of
RNA was confirmed by formaldehyde-agarose gel elec-
trophoresis. Reg I mRNA expression was determined us-
ing a 262 base pair cDNA probe, constructed as pre-
viously described by reverse-transcriptase polymerase
chain reactionl' from rat pancreatic RNA using primers
derived from the published sequence.' This sequence is
homologous to mouse reg I published by Undo et al.,2
and is in a region of the reg family unique to reg L
Specifically, there is little homology to reg III, or rat
pancreatitis associated protein.2 The primer sequences
were: upstream: 5'-CTGGCCTCTCTGATTAAGGAG-3',
and downstream: 5'-CAGATGAlTTTCAGGCTTGAA-3'.'
Elastase I was assayed in a similar fashion using a 573 bp
cDNA probe, constructed by reverse-transcriptase polymer-
ase chain reaction'0 from pancreatic RNA, using primers
based on the published sequence (upstream 5'-GTGAGC-
AGCCAGATGAClTTTC-3', downstream 5'-CCTGGA-
TGAACAATGTCATTG-3'). 12
The polymerase chain reaction products were ultrafilt-

ered using a 30,000 molecular weight filter (Millipore,
Bedford, MA) to remove unincorporated dNTPs, and ra-
diolabeled by random-priming (PRIME-IT, Stratagene,
La Jolla CA) with 6-32P-dCTP (Amersham, Arlington
Heights, IL).

Quantitative analysis of gene expression was deter-
mined by slot blot analysis. Twenty micrograms (tg) of
RNA were loaded per slot. Blots were prehybridized in
buffer (5X SSPE, 30% formamide, 5x Denhardt's solu-
tion, 1% SDS and 100 jag/mL salmon sperm DNA) for
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2 hours at 37 C. Overnight hybridization was performed
at 37 C with 32P-radiolabeled probe (106 counts per mi-
nute/mL). After hybridization, the blots were washed
twice in 2 x SSPE plus 0.2% SDS at 56 C for 20 minutes,
and with 0.1 x SSPE at 56 C for 15 minutes, and then
again for 10 minutes. Autoradiography was performed at
-70 C with enhancing screens. Radioactivity was quanti-
tated with a Betagen scanner (Betagen Corp., Waltham
MA). To correct for loading, the blots were stripped, re-
exposed to ensure removal of signal, and reprobed with
6-32P-radiolabeled oligo-dT, and recounted. Data were ex-
pressed as corrected counts (counts per minute reg/counts
per minute oligo-dT), after subtracting background, and
reported as mean ± SEM.

Protein Analysis
After treatment of 1 x 106 AR42J cells with 10 nmol/

L dexamethasone for 5 days, total protein was isolated
in harvested cells by lysis in 0.5 mL 1% NP-40 (Sigma).
Ten micrograms of cellular lysate was electrophoresed
on a 15% SDS-polyacrylamide gel and transferred to ni-
trocellulose (Nytran, Schleicher and Schuell, Keene, NH).
Western analysis was performed with a polyclonal anti-
body to human pancreatic stone protein (identical protein
to reg 1), a gift of J.C. Dagorn (Marseilles, France) using
second antibody conjugated to alkaline phosphatase, and
visualized (Pierce, Rockford, IL). Human pancreatic
thread protein (PTP), an N-terminal truncated version of
human reg I) was isolated as described previously,5'13 and
was used as a positive control. To compare reg I protein
levels, an indirect enzyme-linked immunosorbent assay
was constructed. Ten micrograms of lysate was plated
and incubated at 4 C overnight, and washed with PBS.
Antipancreatic stone protein (anti reg 1) antibody in a
1:2000 dilution was then applied, and incubated for 1
hour. 1:4000 goat-anti rabbit antibody linked to alkaline
phosphatase (Sigma) then added and used for visualiza-
tion. Data were expressed as arbitrary optical density
(OD) units (per 10 .tg cellular lysate), after subtraction
from background levels.

Statistics
Data are expressed as mean ± SEM. Comparison be-

tween groups was made using unpaired Student's t test,
and significance defined as p < 0.05.

RESULTS

Morphology
When viewed by phase contrast microscopy, cultured

AR42J cells appeared rounded in configuration, and grew

CONTROL

DEXAMETHASONE

Figure 1. Photomicrograph (200x) of AR42J cells in culture before
and after treatment with dexamethasone. After treatment, cells grow
more slowly, become less clumped and flatten out.

as colonies in which the cells clumped together rather
than in typical monolayers. After treatment with dexa-
methasone for 48 hours, microscopic changes were noted
(Fig. 1). Cells divided at a slower rate, they became less
clumped, flattened and developed intracellular vacuoles.
This is consistent with findings of other investigators,
who, using electron microscopy, showed increased endo-
plasmic reticulum and secretory granules after dexameth-
asone treatment.6

Thymidine Incorporation and Gene
Expression

Dexamethasone at 10 nmol/L significantly inhibited
AR42J thymidine incorporation, as depicted in Figure 2.
This is in agreement with the observations of others.68

Figure 3 shows a typical slot blot analysis of the effect
of increasing doses of dexamethasone on reg I and elas-
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Figure 2. Effect of 10 nmol/L of dexamethasone on thymidine incor-
poration in AR42J cells. Percent change (mean ± standard error of
the mean) is shown for 10 nmol/L dexamethasone treatment (*p <
0.05 compared with 0 control).

tase I gene expression after 24 hours. At 10-nmollL treat-
ment and higher, a significant depression in reg I and a
marked increase in expression of elastase I were noted.
All further experiments were therefore performed at the
10-nmolIL dose. Figure 4 shows the mean ± SEM percent
change of reg I and elastase mRNA levels in controls and
10 nmol/L dexamethasone for 5 separate experiments.

Reg I Protein Expression
Using a polyclonal antibody to human reg I, we con-

firmed its specificity to rat (pancreatic stone protein) first
by immunofluorescent staining of frozen section of rat
pancreas. This showed staining of acinar tissue, and not
islet tissue (data not shown). Western analysis of AR42J

PTP / reg Elastase

10

nM Dexamethasone

Figure 4. Percent change (mean ± standard error of the mean) in
reg / and elastase gene expression, after dexamethasone treatment in
five separate experiments (*p < 0.05 compared with 0 control).

lysate showed two bands at 14 to 17 kd (Fig. 5). Poly-
acrylamide gel electrophoresis and Western analysis of
human pancreatic thread protein (an N-terminal truncated
reg I protein)2"3 showed a band at 13 kd (Fig. 5). Similar
analysis of rat pancreatic juice, isolated as in the study
performed by Bernard and colleagues of AR42J lysate
showed a series of bands at 14 to 17 kd (not shown).'4

Indirect enzyme-linked immunosorbent assay analysis
revealed that after treatment with 10 nmol/L dexametha-
sone for 48 hours, mean ± SEM reg I protein decreased
from a control OD of 263 ± 60 units/10 Mug lysate to
83 ± 29 units/10 ,ug lysate (p < 0.05, n = 5 separate
experiments).
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Figure 3. Effect of dexamethasone on reg / and elastase gene expres-
sion. Each row represents a single experiment. Twenty micrograms of
RNA were loaded per slot, and probed with radiolabeled cDNA probe
to reg /, stripped, reprobed with radiolabeled cDNA probe to elastase,
stripped and reprobed with radiolabeled oligo-dT. Dexamethasone at
10 nmol/L effectively depressed reg / gene expression and induced
elastase I gene expression (PTP/reg = reg /).

PAGE Western
Figure 5. Western analysis of AR42J cell lysates for reg / protein using
a polyclonal antihuman pancreatic stone protein antibody. For positive
control, human pancreatic thread protein (an N-terminally truncated
version of reg / ranging in size from 13 to 14 kD) was used. In AR42J,
two bands were typically noted between 15 and 20 kD.
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Table 1. EFFECT OF GASTROINTESTINAL
HORMONES ON AR42J 10 NMOUL
GASTRIN, CHOLECYSTOKININ, AND
GLUCAGON ON MEAN ± SEM [rH]-

THYMIDINE INCORPORATION, REG I AND
ELASTASE I GENE EXPRESSION ON
AR42J CELLS, AS DETERMINED

BY SLOT BLOT

Control Gastrin CCK Glucagon

3H incorporation 100 ± 11 150 ± 14* 106 ± 9 167 ± 13*
reg / 100 ± 40 63 ± 24 65 ± 31 66 ± 37
Elastase 100 ± 17 64 ± 52 132 ± 10 77 ± 7

* Cells were incubated with 10 NmoVL gastrc cholecystokinin (CCK) or glucagon
for 24 hr. Data expressed as mean ± SEM percent control.
* p < 0.05, compared to controls.

Effect of Gastrointestinal Hormones
AR42J Gene Expression

On

AR42J cells were treated with 10 nmolIL gastrin, cho-
lecystokinin, and glucagon on AR42J for 24 hours. Table
1 shows the effects on of these gastrointestinal hormones
on thymidine incorporation, on reg I gene expression, and
on elastase gene expression in 5 separate experiments
(mean ± SEM). Although gastrin and cholecystokinin
increased thymidine incorporation, neither increased reg

I gene expression.

Discussion

Reg I is normally expressed in pancreatic acinar tissue
constituitively, but not in normal islets.' Reg I mRNA is
overexpressed within pancreatic acinar cells and islets
following pancreatitis or resection. Our laboratory re-

cently showed that reg I mRNA is expressed in a rat
pancreatic acinar cell line AR42J, but not the /3-cell line
RIN 1046-38 or the ductal cell line ARLP5. Using a

polyclonal antibody to reg I, we presently show by West-
ern analysis that AR42J cells also produce reg I protein.
We and others have recently found that pancreatic reg

I gene expression increases in animal models of islet pro-
liferation,10"l5 and decreases in a mouse model of aging.16
In the latter model, the decrease in reg I expression paral-
leled decreases in insulin and glucose transporter-2
mRNA, both considered critical for normal /8-cell func-
tion. These studies suggest that reg I expression increases
during /-cell proliferation, and also may be critical for
the general maintenance of islet integrity. This theory has
been strengthened by our recent finding that human reg
I protein is mitogenic to the ARIP ductal cell line and
the ,/-cell line RIN 1046-38.5 We have also found human

reg I to be mitogenic to primary cultures of rat pancreatic
ductal epithelium in culture, but much less so than on the
ductal cell line.'7 Because reg I is predominantly a product
of the acinar pancreas, we hypothesize that it may act as
a paracrine or humoral growth factor on either pluripotent
ductal epithelial cells or /-cells themselves. These theo-
ries are controversial; there are investigators who believe
that reg I is not involved in islet growth and development,
and is simply a protein expressed after pancreatic manipu-
lation. 8

Factors that control production of this acinar cell prod-
uct are unknown. In addition to being induced during
pancreatic regeneration following resection or pancreati-
tis, reg I mRNA has been found to be ectopically ex-
pressed in areas of the gastrointestinal tract during times
of dedifferentiation, specifically in colon and rectal tu-
mors.4 It is not normally found in colonic or rectal mu-
cosa. Some authors have therefore proposed that reg I
gene expression may be involved in gastrointestinal tu-
morigenesis,4 and maybe a marker of differentiation of
gastrointestinal epithelia.3
We postulated that reg I mRNA and protein levels

might be a potential marker of the state of pancreatic cell
differentiation. We used the cell line AR42J as a model
to correlate acinar cell differentiation with reg I gene and
protein expression. AR42J is a well established in vitro
model of acinar cell differentiation; treatment with 10
nmolIL dexamethasone causes them to differentiate: both
morphometrically and biochemically.6 This characteristic
has been used to study various molecular changes in aci-
nar cell differentiation.7'8"9

After treatment of AR42J cells with dexamethasone,
we noted specific morphologic changes, that is, cells flat-
tened and vacuoles appeared. In addition, thymidine in-
corporation decreased, and elastase I gene expression in-
creased. These findings are consistent with those of Logs-
don and associates who noted, along with these changes,
an increased density of endoplasmic reticulum and secre-
tory granules.6 We then studied expression of reg ImRNA
in AR42J cells after induction of differentiation by expo-
sure to dexamethasone. Ten nanomolars of dexametha-
sone resulted in a statistically significant decrease in reg
I gene expression.

After induction of differentiation by dexamethasone,
quantitative analysis of cellular lysate from AR42J by
indirect enzyme-linked immunosorbent assay with a poly-
clonal antibody also showed a significant decrease in cel-
lular reg I protein. Interestingly, other studies showed no
change in reg I levels in the media (data not shown).
This is possibly due to the fact that the protein was not
efficiently secreted from this cell line.

These data suggest that the acinar cell product reg I is
expressed in AR42J cells in a manner opposite to the
cell's differentiated state. Furthermore, modulation of reg
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I gene expression is affected by dexamethasone, presum-
ably through a glucocorticoid receptor. A glucocorticoid
responsive element has not been documented in the pro-
moter region of the reg I gene, 1-3,20 so it is unknown if
this is a direct or indirect effect.
To determine if reg I expression could be modulated

through gastrointestinal hormonal cell surface receptors,
we then measured reg I mRNA levels after exposing cells
to 10 nmolJL of gastrin and cholecystokinin. AR42J cells
express both gastrin (CCK-B) and cholecystokinin (CCK-
A) receptors.2124 As evidenced by increased thymidine
incorporation, gastrin but not CCK was mitogenic to
AR42J cells. Others have observed similar results on this
cell line.2' Neither hormone, however, had any significant
effect on reg I gene expression. Similarly, treatment of
the cells with glucagon did not affect reg I gene expres-
sion. These data indicate that we could not modulate the
reg I via the gastrin or CCK surface-based receptors, nor
through other gastrointestinal hormones, which typically
affect acinar proliferation or secretion. We were able to
modulate gene expression only through the glucocorticoid
receptor.
We conclude that reg I is potentially a specific cellular

marker of the state of pancreatic cell differentiation, but
not of cellular proliferation. This, combined with the fact
that reg I mRNA can be found ectopically in the gastroin-
testinal tract during dedifferentiation,4 suggests that it
may be a marker of other gastrointestinal epithelial cell
differentiation.

References

1. Terazono K, Yamamoto H, Takasawa S, et al. A novel gene acti-
vated in regenerating islets. J Biol Chem 1988; 263:2111-2114.

2. Unno M, Yonekura H, Nakagawara K, et al. Structure, chromosomal
localization and expression of mouse reg genes reg I and reg II. J
Biol Chem 1993; 268:15974-15982.

3. Rouquier S, Verdier JM, lovanna J, et al. Rat pancreatic stone
protein in mRNA. J Biol Chem 1991; 266:786-791.

4. Watanabe T, Yonekura H, Terazono K, et al. Complete nucleotide
sequence of human reg gene and its expression in normal and
tumoral tissue. J Biol Chem 1990; 265:7422-7439.

5. Zenilman ME, Magnuson TH, Swinson K, et al. Pancreatic thread
protein is mitogenic to pancreatic-derived cells in culture. Gastroen-
terology 1996; 110:1208-1214.

6. Logsdon CD, Moessner J, Williams JA, Goldfine ID. Glucocorti-
coids increase amylase mRNA levels, secretory organelles and se-
cretion in pancreatic acinar AR42J cells. J Cell Biol 1985;
100:1200-1208.

7. Guthrie J, Williams JA, Logsdon CD. Growth and differentiation

Ann. Surg. * March 1997

of pancreatic acinar cells: independent effects of glucocorticoids on
AR42J cells. Pancreas 1991; 6:506-513.

8. Logsdon CD. Glucocorticoids increase cholecystokinin receptors
and amylase secretion in pancreatic acinar AR42J cells. J Biol Chem
1986; 261:2096-2101.

9. Chomczynski P. A reagent for the single step simultaneous isolation
of RNA, DNA and proteins from cell and tissue samples. Biotech-
niques 1993; 15:532-537.

10. Zenilman ME, Perfetti R, Swinson K, et al. Pancreatic regeneration
(reg) gene expression in a rat model of islet hyperplasia. Surgery
1996; 119:576-584.

11. Iovanna J, Orelle B, Keim V, Dagorn JC. Messenger RNA sequence
and expression of rat pancreatitis associated protein, a lectin related
protein overexpressed during acute experimental pancreatitis. J Biol
Chem 1991; 266:24664-24669.

12. MacDonald RJ, Swift GH, Quinto C, et al. Primary structure of
two distinct rat pancreatic preproelastases determined by sequence
analysis of the complete cloned messenger ribonucleic acid se-
quences. Biochem 1982; 21:1453-1463.

13. Gross, J, Carlson RI, Brauer AW, et al. Isolation, characterization,
and distribution of an unusual pancreatic human secretory protein.
J Clin Invest 1985; 76:2115-2126.

14. Bernard JP, Adrich Z, Montalto G, et al. Immunoreactive forms of
pancreatic stone protein in six mammalian species. Pancreas 1991;
6:162-167.

15. Vinik Al, Pittenger G, Rafaeloff R, Rosenberg L. Factors control-
ling pancreatic islet neogenesis. Tumor Biol 1993; 14:184-200.

16. Perfetti R, Egan JM, Zenilman ME, Shuldiner AR. Expression of
the regenerating gene in the pancreas of aging mice. Transp Proc
1994; 26:733.

17. Zenilman ME, Chen J, Magnuson TH, Shuldiner AR. Human PTP/
reg is mitogenic to primary culture of pancreatic ductal cells. Gas-
troenterology 1995; 108:A402.

18. Smith, FE, Bonner-Weir S, Leahy JL, et al. Pancreatic reg/pancre-
atic stone protein (PSP) gene expression does not correlate with
beta cell growth and regeneration in the rat. Diabetologia 1994;
37:994-999.

19. Logsdon CD, Alves F, Rosewicz S. Role of polyamines in glucocor-
ticoid effects on pancreatic acinar AR42J cell growth and differenti-
ation. Am J Physiol 1992; 262:G285-G290.

20. Miyashita H, Yonekura H, Unno M, et al. Characterization of the
5'-regulatory region of rat Reg I. Biochem Biophys Acta 1219:241 -
243, 1994

21. Seva C, Scemama JL, Bastie MJ, et al. Lorglumide and loxiglumide
inhibit gastrin-stimulated DNA synthesis in a rat tumoral acinar
pancreatic cell line (AR42J). Cancer Res 1990; 50:5829-5833.

22. Rosewicz S, Riecken EO, Kaiser A. Transient stabilization of chole-
cystokinin A receptor mRNA by glucocorticoids in pancreatic
AR42J cells. Am J Physiol 1994; 30:G772-777.

23. Zho W, Povoski SP, Longnecker DS, Bell RH. Novel expression
of gastrin (CCK-B) receptors in azaserine-induced rat pancreatic
carcinoma: Receptor determination and characterization. Cancer
Res 1992; 52:6905-6911.

24. Scemama JL, Fourmy D, Zahidi A, et al. Characterization of gastrin
receptors on a rat pancreatic acinar cell line (AR42J): a possible
model for studying gastrin mediated cell growth and proliferation.
Gut 1987; 28:S1:233-236.


